Background/Aims: In this study, the molecular mechanisms of miR-27b and lipoprotein lipase (LPL) that regulate human adipose-derived mesenchymal stem cells (hASCs) adipogenic differentiation were detected. Methods: Microarray analysis was applied to screen for differentially expressed miRNAs and mRNA during hASCs adipocyte differentiation induction. MiR-27b and LPL were found to have abnormal expression. Then, a dual luciferase reporter assay was employed to validate the targeting relationship between miR-27b and LPL. We also utilized qRT-PCR, western blot, cellular immunofluorescence and an oil red O staining assay to analyze the regulation of miR-27b and LPL during adipogenic differentiation. Results: The microarray analysis demonstrated that, during adipogenic differentiation, miR-27b was downregulated, while LPL was up-regulated but tended to become stable 14 days after induction. A dual luciferase reporter assay confirmed the negative targeting regulatory relationship between miR-27b and LPL. After overexpressing and silencing miR-27b, LPL was found to be reversely regulated by miR-27b according to qRT-PCR and western blot. The fat-formationrelated biomarkers CCAAT-enhancer binding protein α (c/EBPα) and peroxisome proliferatoractivated receptors γ (PPARγ) had decreasing levels after over-expressing miR-27b or knockdown of LPL followed by adipogenic differentiation. Meanwhile, the oil red O staining assay revealed that the accumulation of lipid droplets decreased. There was no change in the expression of c/EBPα, PPARγ, or lipid droplet accumulation when overexpressing miR-27b and LPL. Conclusion: During the adipogenic differentiation of hASCs, miR-27b expression decreased, and LPL expression increased. The abnormal expression of miR-27b and LPL effectively regulated the adipogenic differentiation of hASCs.
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Introduction
Adipose tissues, which may be brown or white, store lipids to maintain energy metabolism and serve as an endocrine organ. They are organized to form a large organ with a discrete anatomy, specific vascular and nerve supplies, complex cytology, and high physiological plasticity [1, 2] . White adipose tissue is widely available and has the ability to differentiate into other tissue types. Monitoring the alteration of adipose-derived stem cells (ASCs) can provide a promising future in the field of tissue engineering and regenerative medicine [3] . First, ASCs are recruited by certain stimulation, following which they are transformed into preadipocytes and then ultimately turn into mature adipocytes [4] . During adipogenesis, several transcription factors such as peroxisome proliferator-activated receptor-γ (PPARγ) and members of the CCAAT/enhancer-binding family of proteins (c/EBPα) participate in regulating adipogenesis [5, 6] . ASCs not only possess the ability to differentiate into multiple tissue types but also have immune-modulatory properties, which are similar to those of mesenchymal stem cells (MSCs) [7] . Nevertheless, the regulatory mechanisms of the ASCselicited immune-modulatory activity by specific microRNA (miRNA) remain unexplored.
The small non-coding RNAs are abbreviated as microRNAs or miRNAs, which target the 3'-untranslated regions (UTRs) of their target mRNAs to regulate gene expression [8] [9] [10] . Numerous biological processes, including cell fate determination in embryonic stem cells as well as the regulation of adipogenic and osteogenic differentiation, have been confirmed to be regulated by miRNAs in human bone marrow mesenchymal stem cells (hBMSCs) [11] . Many studies have shown that miR-27 plays important roles in lipid metabolism and adipogenesis [12] . The miR-27 family has two isoforms, intergenic miRNA miR-27a and intronic miRNA miR-27b [13] . The sequences of miR-27a and miR-27b are highly conserved among different species. There are reports that miR-27a/b has a negative regulatory effect on peroxisome proliferator-activated receptor gamma (PPARγ) and C/EBP alpha in 3T3-L1 cells and hASCs [14] . Moreover, miR-27b have been found to play important roles in the development and progression of neoplastic diseases by bonding to key targets. miR-27b can not only target MET to suppress proliferation and promote apoptosis in diffuse large B-cell lymphoma [15] , but it can also target receptor tyrosine kinase like orphan receptor 1 (ROR1) to suppress cell proliferation in gastric cancer [16] . Additionally, miR-27b overexpression enhanced the docetaxel sensitivity of prostate cancer partly through inhibiting EMT by targeting ZEB1 [17] . Therefore, performing investigations into miR-27b is a promising direction for human health promotion. However, there is still a problem to be solved in that the specific roles of these miRNAs in pluripotent cell commitment to adipocyte differentiation are unclear.
Lipoprotein lipase (LPL), most abundantly expressed in adipose tissue, macrophages, heart and skeletal muscle, acts as a gatekeeper for the entry of fatty acids into tissues and controls systemic lipid partitioning, which is essential for energy homeostasis of the body [18] . Human LPL plays a significant role in regulating triglyceride (TG) levels by hydrolyzing TGs in TG-rich lipoproteins as the first step in their metabolism [19] . Furthermore, LPL hydrolyzes the triglyceride-rich core of chylomicrons (CM) and very low density lipoproteins (VLDL) [20] . The molecular mechanism whereby LPL regulates hASCs adipogenic differentiation and the interactive relationship between LPL and miR-27b needs numerous studies.
This study aimed to provide a new perspective for obesity, diabetes mellitus, and other obesity related metabolic diseases by studying the effect of miRNA on adipogenic differentiation of human adipose-derived stem cells (hASCs) and exploring its molecular mechanism. We investigated the relationship between miR-27b and LPL and their effects on adipogenic differentiation of hASCs.
Materials and Methods
Clinical specimens
Adipose tissue samples were collected from healthy female patients who were undergoing double eyelidplasty treatment at the People's Hospital of GaoZhou. The donors were between 20 and 30 years old.
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Microarray analysis
A miRNA microarray platform GPL16700 was used to analyze the expression profiles of miRNA in two adipogenic differentiated samples and two normal hASCs samples in GSE72429 (www.ncbi.nlm.nih. gov/geo/query/acc.cgi?acc=GSE72429). Differentially expressed miRNAs were identified by setting the fold change at 2 and the p-value at P<0.05. The GPL16686 platform was utilized to detecting the differentially expressed mRNAs of four samples in GSE77532. Multivariate analysis of variance (MANOVA) was performed to extract the overall characteristics, and ANOVA was performed to analyze the mRNA expression profile on the first day, the seventh day, the fourteenth day and the twenty-first day after adipogenic differentiation. Differentially expressed mRNAs were identified by setting P<0.001.
Cell culture and isolation
We successfully extracted the hASCs based on previously published methods [21] . Then, Dulbecco's modified Eagle's medium-low glucose (DMEM-LG, Invitrogen, Carlsbad, CA, USA) was employed to culture the hASCs cells at room temperature in a 5 % CO 2 humidified atmosphere, containing 10 % fetal bovine serum (FBS), 100 U/ml penicillin and 100 μg/ml streptomycin. The medium was replaced and non-adherent cells were removed after 24 hours. After primary culture for 7 days, subculture was performed at 1:3 ratios, and the third generation was used for further studies.
Adipogenic induction of hASCs
The third-generation cells were selected for testing and cultured in 6-well plates at a density of 1×10 5 cells/well. Then, the medium was changed to high glucose adipogenic induction medium (H-DMEM) after the cells achieved a 90 % concentration. The adipogenic induction was performed under the condition of 10 % FBS (Sigma-Aldrich, St. Louis, MO, USA), 1×10 -7 mol/L dexamethasone (Sigma), 0.5 mmol/L 3-isobutyl-1-methyl-xanthine (Sigma), and 5 μg/mL ascorbic acid (Sigma).
Cell transfection
The transfection experiments were performed using Lipofectamine ® 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instruction. The synthesized miR-27b mimics, control mimics, pcDNA3.1-LPL and pcDNA3.1-control were obtained from Invitrogen (Carlsbad, CA, USA). Santa Cruz Biotechnology (Santa Cruz, CA, USA) was employed to synthesize the miR-27b inhibitor, LPL shRNA and control shRNA. The recombinant plasmids were transformed into the hASCs and they were then amplified, and the positive clones were picked and sequenced. Logarithmic growth phase cells were taken and counted with a counting plate, then placed in culture plates at the appropriate density (approximately 50 %). The cells were incubated at 37 °C for 24 hours until all of the cells were stretched out and evenly distributed.
Oil red O staining
The cells were washed with the PBS buffer 2-3 times and fixed with 3.7 % paraformaldehyde for 2 min. Then, the cells were stained for 1 hour by incubating with oil red O after washing twice in distilled water. Using glycerin gelatin, the slides were sealed and we removed the excess water. Cell morphology and the staining patterns were then examined using a phase contrast microscope (Zeiss, Germany).
QRT-PCR assay
We collected the total RNA by using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and the extracted RNAs were used to obtain reverse-transcribed cDNA following the manufacturer's instructions with a PrimeScript II 1st Strand cDNA Synthesis Kit (TaKaRa, Tokyo, Japan). Following the instructions of the SYBR Premix Ex Taq (TaKaRa, Tokyo, Japan), the obtained cDNAs were amplified. U6 and GAPDH were applied as the internal reference for detecting miR-27b and LPL mRNA, respectively. The experiments were performed three times, and the 2 -ΔΔcτ method was used to quantify the relative expression levels of miR-27b and LPL. The primer sequences used are shown in Table 1 .
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry 
Western blot
The total proteins in hASCs were extracted and the protein concentrations were measured using a Bradford protein assay (Bio-Rad, Hercules, CA, USA). After inactivation, the samples were electrophoresed on SDS-PAGE and transferred to nitrocellulose membranes via an iBlot Dry Blotting Transfer System (Life Technologies Corp., Gaithersburg, MD, USA). A PBS buffer containing 5 % non-fat milk and 0.1 % Tween was applied and used to incubate the membranes for 2 hours, followed by anti-LPL (ab21356, 1: 1000, Abcam, MA, USA), anti-c/EBPα (ab32358, 1: 1000, Abcam), anti-PPARγ (ab8937, 1: 1000, Abcam), and anti-GAPDH polyclonal antibodies (ab9485, 1: 2500, Abcam) overnight at 4 °C. The membrane was washed three times with PBS buffer containing 0.1 % Tween, and the secondary antibody IgG-HRP (ab7090, 1: 2000, Abcam) was added and incubated for 1-2 hours. The PVDF membrane was exposed to DAB (3, 3'-diaminobenzidine, Sigma, USA) in a dark room and the relative expression of each protein was calculated by using ImageJ software (ImageJ software, USA). Semi-quantitative analysis was performed with GAPDH expression as the internal reference.
Immunofluorescence
The hASCs were inoculated into 12-well plates pre-coated with glass flakes after transfection for 72 h. After adipogenic differentiation induction for 7 days they were fixed in 4 % paraformaldehyde. The cells were incubated with the blocking solution containing 10 % sheep serum, 0.3 % Triton X-100 and 0.1 % sodium azide, then the primary antibodies anti-c/EBPα (ab32358, 1:50, Abcam) and anti-PPARγ (ab8937, 1 μg/ml, Abcam) were added and incubated at 4 °C overnight. A secondary antibody with Alexa Fluor 647 red fluorescence was added (ab150075, 1:200, Abcam) and incubated at 37 °C for one hour (h). Hoechst was used to stain the nuclei and we observed the slides with a fluorescence microscope (Zeiss) after sealing.
Double luciferase reporter assay
The pGL3-WT plasmid was amplified and constructed by PCR using the fragment of the LPL 3'UTR containing the miR-27b binding site (positions 1287-1294). The pGL3-Mut plasmid was constructed by replacing the first six ribonucleotides of the complementary sequence in the LPL sequence. HEK293T cells were inoculated into 24-well plates with 4×10 3 cells / well and transfected according to the following four groups: miR-27b mimics+pGL3-WT (miR-WT), miR-27b mimics+pGL3-Mut (miR-Mut), control+pGL3-WT (NC-WT), control+pGL3-MuT (NC-Mut). After transfection for 24 h, the firefly and bacilli luciferase reagents were added to detect the fluorescence activity of each group according to the double luciferase Reported Genetron Assay Kit (Beyotime Biotechnology, Shanghai, China).
Statistical analysis
GraphPad Prism (Version 6.0; La Jolla, CA, USA) was utilized to analyze the experimental data. The results are expressed as the mean ± standard deviation. Two-sided t-tests and one-way ANOVA analysis were employed to perform statistical analysis and P<0.05 was considered statistically significant.
Results
miR-27b expression is decreased after adipogenic differentiation of hASCs
We used the GPL16770 platform to analyze two adipogenic differentiated samples and two non-adipogenic induction hASCs samples in GSE72429, which contains 16 samples. The screening criteria were fold change>2 and P<0.05, and 25 down-regulated miRNAs and 7 up-regulated miRNAs were identified. The expression level of miR-27b was reduced by 1.5 times after adipogenic differentiation (Fig. 1A-1B) . The results of qRT-PCR showed Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry that the expression level of miR-27b was gradually down-regulated during adipogenesis induced differentiation and tended to stabilize after 14 days (Fig. 1C) .
miR-27b inhibits adipogenic differentiation of hASCs
The results of qRT-PCR and western blot showed that 7 days after adipogenic differentiation, the expression levels of c/EBPα and PPARγ were significantly lower in the miR-27b mimics group and significantly higher in the miR-27b inhibitor group compared with the NC group. However, after 14 days of hASCs adipogenic differentiation, the increasing expression level of c/EBPα and PPARγ tended to stabilize in all three groups. Moreover, the results of immunofluorescence detected 14 days after adipogenic differentiation of hASCs showed that c/EBPα and PPARγ expression were increased in the miR-27b mimics group and decreased in the miR-27b inhibitor group ( Fig. 2A-2C ). In addition, after ad- 
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Cellular Physiology and Biochemistry ipogenic induction differentiation for 7 and 14 days, we detected fat droplet accumulation by the oil red O staining assay. The results showed that the fat droplet accumulation after adipogenic differentiation of hASCs at both 7 and 14 days were reduced in the miR27b mimics group. Nevertheless, the accumulation of fat droplets was increased in the miR-27b inhibitor group (Fig. 3A-3B ).
LPL is highly expressed after adipogenic differentiation and is regulated by miR-27b
The GPL16686 platform was used to analyze differentially expressed mRNA during adipogenic differentiation of hASCs in GSE77532. The hASCs underwent adipocyte differentiation for 1, 7, 14 and 21 days, representing the early to late stage process of adipogenesis. First, multivariate analysis of variance showed that there were no significantly differentially expressed mRNAs during routine culture of hASCs treated without adipogenesis induction. However, several mRNAs were highly expressed on the 1 st day of adipogenic differentiation relative to the 7 th , 14 th and 21 st day in hASCs. Other mRNAs expression presented the opposite pattern. Meanwhile, we found that mRNAs expression gradually increased or decreased during adipogenesis induction and reached an extreme on the 14 th day. The mRNA expression level then tended to steady or recover. In short, the mRNA expression levels showed no significant changes under general culture conditions but could be regulated by adipogenic differentiation in hASCs.
Using ANOVA analysis with the screening criterion of P<0.001, 6 down-regulated mRNAs and 35 up-regulated mRNAs were identified during adipogenic differentiation of hASCs for 1, 7, 14 and 21 days (Fig. 4A) . The microRNA LPL was up-regulated during adipogenesis differentiation and selected for further studies. The results of qRT-PCR revealed that the expression of LPL was significantly increased from the 7 th day of adipogenic differentiation and tended to stabilize on the 21 st day of adipogenic differentiation ( Fig. 4B ) in hASCs. To explore the relationship between miR-27b and LPL, we detected the expression level of LPL among three different groups: NC, the miR-27b mimics group and the miR-27b inhibitor group. The results of qRT-PCR and western blot consistently showed that LPL was expressed at low levels during adipogenic differentiation in the miR-27b mimics group but was highly expressed in the miR-27b inhibitor group compared with the NC group, P<0.01. Similarly, LPL expression at day 21 of adipogenesis showed a reversed tendency in each group (Fig. 4C-4D ). In summary, LPL was highly expressed during adipogenic differentiation and reversibly regulated by miR-27b.
MiR-27b targeted LPL
The TargetScan database was used to search for the mRNA containing the complementary sequence of miR-27b. As shown in Fig. 5A , there was a potential binding site for miR- 
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Cellular Physiology and Biochemistry 27b in the 3'UTR region of LPL, which indicated that LPL might be targeted by miR-27b. A dual luciferase reporter assay was used to examine the direct targeting relationship between LPL and miR-27b. The results indicated that the relative luciferase activity of the group co-transfected with miR-27b mimics+pGL3-WT displayed a significant decline compared with the groups co-transfected with miR-27b mimics+pGL3-Mut, control mimics+pGL3-WT and control mimics+pGL3-Mut (Fig. 5B) , confirming the targeting relationship between miR27b and LPL.
LPL promotes hASCs adipogenic differentiation
To discover the mechanism whereby LPL regulates hASCs 
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Cellular Physiology and Biochemistry adipogenic differentiation, four transfection groups were used to study adipogenic differentiation: NC, pcDNA3.1-LPL, LPL shRNA and miR-27b mimics+pcDNA3.1-LPL. The expression of the fat-formationrelated biomarkers c/EBPα and PPARγ and the fat droplet accumulation level were detected after adipogenic differentiation at 0 day, 1 day, 7 days, 14 days and 21 days. The results of qRT-PCR and western blot indicated that the expression levels of c/EBPα and PPARγ in the pcDNA3.1-LPL group were significantly higher than that in the NC group after adipogenic differentiation for 7 days, while it was reduced in the LPL shRNA group. However, the changing trend during adipogenesis recovered on day 21 of adipogenic differentiation. Meanwhile, the miR-27b mimics+pcDNA3.1-LPL group displayed the same tendency as the NC group ( Fig. 6A-6B ). In addition, the results of immunofluorescence testing for c/EBPα and PPARγ expression on the 14 th day of hASCs adipogenic differentiation corresponded with the results of the qRT-PCR and western blot (Fig. 6C-6D ). Oil red O staining was utilized to detect fat droplet accumulation and the results revealed that fat droplet accumulation was increased in the pcDNA3.1-LPL group after adipogenic differentiation for 7 and 14 days compared with that in the NC group. Fat droplet accumulation in the LPL shR-NA group presented a significant decline relative to that in the NC group, while fat droplet accumulation in the miR-27b mimics+pcDNA3.1-LPL group was similar to that in the NC group (Fig. 7A-7B ). These findings indicate that LPL promoted hASCs adipogenic differentiation and is regulated by miR-27b.
Discussion
In this study, we first observed that miR-27b was expressed at low levels during hASCs adipogenic differentiation, and we eventually proved that miR-27b could inhibit hASCs adipogenic differentiation. The differential expression of adipogenic markers c/EBPα and PPARγ among the three groups demonstrated that the adipogenic differentiation was regulated by miR-27b and had a negative connection between them [14, [22] [23] [24] . Additionally, the oil red O staining assay detected fat droplet accumulation in hASCs, further proving that over-expression of miR-27b could inhibit hASCs adipogenic differentiation. The in vivo differentiation process of hASCs is very complicated and involves various internal signals such as FGF and Erk pathways. Furthermore, chemicals or small molecules including cytokines are major factors in the induction of cell differentiation [25] [26] [27] [28] . Francisco et al. found that human preadipocytes and ASCs were excellent models for studying adipogenesis and obesity-related metabolic alterations and were appropriate for revealing adipocyte renewal, development and depot-specific differences [4] . Therefore, we focused on uncovering the molecular regulation mechanism as to how miRNAs regulate adipogenic differentiation of hASCs. miRNAs are 18-24 nucleotides, single-stranded, non-coding RNA. They have been proven to be involved in various tissues and biological functions [29] . For example, miR-141 and miR-200a have been reported to regulate osteoblast differentiation by targeting the BMP-2 signaling pathway [30] . MiR-346 regulates hBMSCs osteoblast differentiation by targeting GSK-3β and activating the Wnt/β-catenin pathway [31] . Moreover, miR-27b has been verified to participate in lipid metabolism and adipogenesis [32, 33] , which is important for revealing these mechanisms and finding treatments for obesity, diabetes mellitus, and other obesity related metabolic diseases. In our study, we identified that miR-27b expression was significantly lower during adipogenic differentiation. Subsequently, reduced expression of miR-27b promoted the adipogenic differentiation of hASCs.
The findings from miRNA investigations during adipogenesis suggest a potential role of miRNA mimics/inhibitors in treating bone diseases, metabolic disorders, and obesity [5, 34] . The role of the lipoprotein lipase (LPL) gene in adipogenesis has been previously studied and expression of LPL messenger RNA was observed in the early stages of adipogenesis and it reached a stable level in mature adipocytes, which indicates LPL is one of the critical factors in the process of adipogenic differentiation [35] . We also observed that LPL was highly expressed during adipogenic differentiation of hASCs and proved that LPL was negatively regulated by miR-27b. In addition, we certified that LPL promoted hASCs adipogenic differentiation. Meanwhile, we confirmed the target regulation relationship between miR27b and LPL, and their individual functions in hASCs adipogenic differentiation.
One of the limitations in this study was that the analyzed samples used to detect differentially expression miRNA were few in number. Nonetheless, we report that miR27b overexpression inhibited adipogenic differentiation, to a certain extent, ensuring miR- Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry 27b is down-up-regulated during adipogenic differentiation. Additionally, the detailed action mechanisms of the miR-27b/c/EBPα/PPARγ axis and the LPL/c/EBPα/PPARγ axis regulating adipogenic differentiation of hASCs cells are still elusive and remained to be further investigated. However, the molecular mechanism research performed in this study was conducive to explore adipogenesis and discover obesity-related metabolic alterations. In summary, we identified a targetable regulation relationship between miR-27b and LPL and their individual functions in hASCs adipogenic differentiation. These results may provide new therapeutic targets, which will facilitate our development of therapies for these diseases.
Conclusion
In conclusion, we showed that miR-27b expression decreased and LPL expression increased during adipogenic differentiation of hASCs and abnormal expression of miR-27b and LPL played a significant role in regulating adipogenic differentiation.
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